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We propose a hidden gauged U(1)H Z
′ model to explain deviations from the
Standard Model (SM) values in lepton flavor universality known as RK and RD
anomalies. The Z ′ only interacts with the SM fermions via their mixing with vector-
like doublet fermions after the U(1)H symmetry breaking, which leads to b → sµµ
transition through the Z ′ at tree level. Moreover, introducing an additional mediator,
inert-Higgs doublet, yields b → cτν process via charged scalar contribution at tree
level. Using flavio package, we scrutinize adequate sizes of the relevant Wilson
coefficients to these two processes by taking various flavor observables into account.
It is found that significant mixing between the vector-like and the second generation
leptons is needed for the RK anomaly. A possible explanation of the RD anomaly
can also be simultaneously addressed in a motivated situation, where a single scalar
operator plays a dominant role, by the successful model parameters for the RK
anomaly.
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2I. INTRODUCTION
While there is null result from direct searches for new physics at the Large Hadron
Collider, recent LHCb measurements of lepton flavor universality in B physics have shown
deviations from the standard model (SM) predictions. The measurement of RK∗0 = B(B0 →
K∗0µ+µ−)/B(B0 → K∗0e+e−) in two different kinematic regions by LHCb collaboration
gives [1]:
RK∗0 =
 0.66
+0.11
−0.07 ± 0.03 (2mµ)2 < q2 < 1.1 GeV2
0.69+0.11−0.07 ± 0.05 1.1 GeV2 < q2 < 6 GeV2.
(1)
These values are compatible with the SM predictions [2–11] within 2.1−2.3σ and 2.4−2.5σ,
respectively. The ratio of RK = B(B+ → K+µ+µ−)/B(B+ → K+e+e−) is also given by
LHCb collaboration [12] which shows 2.6σ deviation from the SM predictions [2]:
RK = 0.745+0.090−0.074 ± 0.036 1 GeV2 < q2 < 6 GeV2. (2)
Furthermore, charged current decays of B¯ → D(∗)l−ν¯l, which have been measured by the
BaBar [13, 14], Belle [15–17] and LHCb [18], also indicate discrepancies in the ratios of
RD(∗) = B(B¯ → D(∗)τ−ν¯τ )/B(B¯ → D(∗)l−ν¯l) (l = e, µ). The SM predictions are estimated
in [19–21] for R(D∗) and [22–24] for R(D), and the current experimental average values are
roughly 4σ deviations from the SM values. In recent years, these anomalies have been paid
more attentions, and possibilities for the explanation in various extensions of the SM are
discussed: Z ′ models [25–31], leptoquark [29, 32–36] for the RK anomaly, and the charged
Higgs [37–44], W ′ models [45, 46] and leptoquark [34, 36, 47–51] for the RD anomaly.
We propose a hidden gauged U(1)H model to explain the RK anomaly, in which a Z
′ gauge
boson interacts with the SM particles only through mediator particles. The mediators are
vector-like doublet fermions, whose masses are assumed to be around O(1) TeV. The Z ′
couplings to the SM particles appear with symmetry breaking of the hidden gauged U(1)H ,
which results in b → sµµ transition through the tree-level Z ′ exchange. Furthermore,
introducing an another mediator, we can have a relevant b→ c transition to the RD anomaly.
The role of the additional mediator is played by an inert-Higgs doublet, and the charged
Higgs component of the inert Higgs can induce the b→ c transition at tree level. Since some
essential couplings for the b → sµµ are also involved in b → cτ−ν¯, the former process can
affect a possibility of explaining the RD anomaly.
3Typically, the b → s transition is tightly constrained by various observables such as
Bs− B¯s, Bs → µµ, etc. While in the lepton sector, the Z ′ coupling to the muon contributes
to neutrino trident production as discussed in [52, 53]. At the same time, we carefully
examine that there is no significant FCNC Z couplings, although the mixing between the
mediator and the SM fermions could be significantly large. In addition to these constraints,
we also address direct searches of the Z ′ and the charged Higgs at collider experiments. To
avoid flavor constraints from the neutral Higgses, we take degenerate masses on the inert
Higgs spectra. We utilize flavio package [10] to perform a comprehensive analysis on various
flavor observables, and obtain the global fit to the Wilson coefficients on the RK and RD
anomalies. Applying these results to our hidden gauged model, we scrutinize the favored
parameter space on explaining these anomalies.
The structure of this paper is as follows. We introduce the hidden gauged extension of
the SM in Sec. II. In Sec. III, the mixing between the vector-like and SM fermions and the
Z ′ couplings are presented. Using the flavio, we perform a global fit on the relevant Wilson
coefficients to the RK and RD anomalies in Sec. IV. Subsequently, various experimental
searches and constraints are discussed in section VI. In Sec. V, we apply the obtained results
in previous sections to the model parameters. Finally, Sec. VII is devoted to conclusions.
II. THE MODEL
We consider a hidden sector extension of the SM under the hidden gauged U(1)H sym-
metry [54]. Although all the SM particles are not charged under the U(1)H symmetry, the
U(1)H gauge boson can couple to them through mediators, such as new vector-like fermions
or scalars. The mediators have both the U(1)H and the SM gauge charges. The schematic
framework of this model is described in Fig. 1.
For the RK anomaly, essential mediators are the vector-like fermions. These fermions
could be SU(2)L singlet, doublet, or multiplets, with one or more generations. Here, we
focus on one minimal fermion assignments: all the vector-like fermions are SU(2)L doublets,
with only one generation 1. To be free of gauge anomaly, the new vector-like fermions need
to possess appropriate quantum numbers. We assign the SM quantum numbers on the
1 Another minimal choice is to introduce only vector-like singlet fermions with one generation. Since our
purpose is to illustrate how the U(1)H works for the RK anomaly, the fermion assignment is not so
important. We expect that the analysis is quite similar to different fermion assignments.
4FIG. 1. The schematic description of the hidden gauged U(1)H model.
vector-like fermions such that they mix with the SM fermions at tree level.
Moreover, if we introduce additional mediators such as a charged scalar, the RD anomaly
could also be explained as a bonus. In this work, we add a second scalar doublet H ′ as an
inert type [54, 55] to keep our setup simple.
SU(3)C SU(2)L U(1)Y U(1)H
QL,R = (U˜L,R D˜L,R)
T 3 2 +16 +1
LL,R = (N˜L,R, L˜L,R)
T 1 2 −12 +1
Φ 1 1 0 +1
H ′ (optional) 1 2 12 +1
χ (optional) 1 1 0 −1
TABLE I. The new particle contents and their quantum numbers in the gauge group SU(2)L ×
U(1)Y ×U(1)H . Here QL,R and LL,R denote the vector-like representation under the gauge group.
All the SM particles are not charged under U(1)H . The H
′ doublet is optional: without H ′ added,
only RK anomaly is addressed; with H
′, we could also explain the RD anomaly. The vector-like
fermion χ is also optional, which is Z2-odd under U(1)H → Z2 symmetry breaking, and thus it is
the dark matter candidate.
The new particle contents and their quantum numbers are shown in Tab. I. Under this
charge assignments, the model is free of gauge anomaly. The U(1)H symmetry spontaneously
breaks when a singlet scalar Φ, which is only charged under the U(1)H , obtains a nonzero
5vacuum expectation value (VEV) vΦ. They are cast into the form
Φ =
s+ ia√
2
, 〈Φ〉 = vΦ√
2
, (3)
and the Lagrangian is written as
Lkin = DµΦ∗DµΦ− V (H,Φ, H ′), (4)
with the covariant derivative DµΦ = (∂µ + ig
′Z ′µ)Φ. Here, g
′ is the gauge coupling of the
U(1)H , and the gauge boson mass is given by mZ′ = g
′vΦ. In the above potential, H
describes the SM SU(2) doublet, and the two Higgs doublets are parametrized by
H =
 G
+
v+h+iG0√
2
 , H ′ =
 H
′+
H′+iA′√
2
 . (5)
The potential V (H,Φ, H ′) is not relevant to our flavor study, and for simplicity, it is taken
as
V (H,Φ, H ′) = −µ2Φ|Φ|2 + λΦ|Φ|4 + µ2H′ |H ′|2 + λH′ |H ′|4 + λHΦ|H|2|Φ|2 + λH′Φ|H ′|2|Φ|2,
which respects a Z2(H
′) × Z2(Φ) symmetry. The µ2H′ parameter is positive, and thus H ′
does not get the VEV.
The vector-like fermions are defined by
QL,R =
 U˜L,R
D˜L,R
 , LL,R =
 N˜L,R
L˜L,R
 , (6)
and their Dirac masses are
−Lmass = mQQ¯LQR +mLL¯LLR + h.c.. (7)
All the new fermions are charged under U(1)H , as shown in Table I.
2 The right-handed
vector-like fermions can couple to the left-handed SM fermions through the Yukawa inter-
actions of Φ
−LYukawa = Φ†
∑
i
(
qLiYqiQRQR + `LiYliLRLR
)
+ h.c.,
⊃ vΦ√
2
(
YdiD˜R d¯LiD˜R + YuiU˜R u¯LiU˜R + YliL˜R e¯LiL˜R + YνiN˜R ν¯LiN˜R + h.c.
)
, (8)
2 These new fermions contribute to the kinetic mixing between U(1)Y and U(1)H at the one loop order.
The mixing parameter is estimated to be roughly eg
′
(4pi)2 ln
mQ
mL
. Here for simplicity, we take small or zero
mass splitting between the vector-like quarks and leptons, and thus the kinetic mixing is very tiny and
negligible.
6where the SU(2) symmetry imposes a relation3
YdiD˜R = V
†
CKMYuiU˜R , YliL˜R = V
†
PMNSYνiN˜R (9)
with a generation index i = 1, 2, 3, Cabbio-Kobayashi-Maskawa (CKM) matrix VCKM and
Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix VPMNS. Similar situations are studied
in [52, 56] for the quark sectors and [57] for the lepton sectors. The interactions in Eq. (8)
describe the mixing between the vector-like and SM fermions, which yields s¯bZ ′ and µ¯µZ ′
couplings after diagonalization of mass matrices. These Z ′ couplings are originated from
three Yukawa components, YbD˜R , YsD˜R and YµL˜R .
Apart from the right-handed vector-like fermions, the left-handed vector-like fermions
have couplings to the right-handed SM fermions through the inert doublet
−L′Yukawa = y′QLuiQLH˜ ′uR + y′QLdiQLH ′dR + y′LLeiLLH ′eR + h.c., (10)
with H˜ ′ = iσ2H ′∗. Unlike the Yukawa couplings in Eq. (8), the above interactions do not
contribute to the mass matrices of the fermions. b → cτν transition is induced by the
charged scalar in the inert doublet, in which the vector-like fermions play a role in yielding
c¯bH+ and ν¯τH+ couplings.
Since we introduce a hidden gauge sector, it is likely to have hidden particles, which are
not charged under the SM gauge group at all. If so, the lightest un-colored one would be
the dark matter candidate. Here we assume it is the WIMP dark matter. When we study
the phenomenology of the hidden sector particles, typically only the lightest dark matter
candidate plays an important role. For simplicity, we introduce a vector-like fermion χ,
which only carries the U(1)H charge
L = χ¯iγµDµχ, Dµ = ∂µ − ig′Z ′µ. (11)
To make it a dark matter candidate, we assign a Z2 charge for the χ. Under U(1)H breaking
down to the Z2 symmetry, the χ is Z2-odd while all other mediators and the SM particles
are Z2 even.
3 If the vector-like fermions are the SU(2) singlet, in general, they introduce more free Yukawa couplings
than the doublet case here.
7III. MASS MATRICES AND COUPLINGS
The interactions in Eq. (8) imply off-diagonal parts in fermion mass matrices, which are
described by
(
f i,L F˜L
)
v√
2
yi
vΦ√
2
Yfi,F˜R
0 MF

 fi,R
F˜R
+ h.c. ≡ fLaMffRa + h.c., (12)
with (fi, F˜ )
T
L,R = (ui, U˜)
T
L,R, (di, D˜)
T
L,R, (li, L˜)
T
L,R, i = 1, . . . , 3 and a = 1, . . . , 4. yi is the SM
Higgs Yukawa coupling, and its VEV is v ' 246 GeV. The matrix Mf is diagonalized by
unitary matrices U fL and U
f
R
U f†L MfU fR = diag(mf1 ,mf2 ,mf3 ,mf4), (13)
which gives relationships between the original gauge eigenstate fa and new mass eigenstate
f ′a as f
′
R = (U
f
R)
†fR and f ′L = (U
f
L)
†fL. This diagonalization can affect original gauge
interactions such as the W and Z boson couplings. However, it should be noted that, since
the left-handed vector-like fermions have the same SM charges as those of the SM fermions,
the Z boson couplings to the left-handed fermions do not change. We will see this situation
later.
In the charged-lepton sector, the mixing between the second generation lepton µ and
vector-like lepton L˜ is essential for the b → sµµ transition. Assuming there is only one
mixing, namely, YµL˜R 6= 0, the matrices U `L and U `R can be described by4
U `†L =

1 0 0 0
0 cαL 0 −sαL
0 0 1 0
0 sαL 0 cαL

, U `R =

1 0 0 0
0 cαR 0 sαR
0 0 1 0
0 −sαR 0 cαR

(14)
where sα ≡ sinα and cα ≡ cosα. The mixing angle αL and αR are approximately given by
sαL '
vΦYµL˜R/
√
2√
v2ΦY
2
µL˜R
/2 +M2L
, sαR '
mµ√
v2ΦY
2
µL˜R
/2 +M2L
sαL . (15)
4 Here, for simplicity, complex phases are not written down.
8Since we suppose that vΦ ∼ O(100) GeV, YµL˜ ∼ O(0.1− 1) and ML ∼ O(1) TeV, it turned
out that the angle αL  αR.
For the down-quark sector, the Yukawa couplings YbD˜R and YsD˜R are necessary for the
RK anomaly, which implies the nonzero values of YtU˜R and YcU˜R with the same order of
magnitude. Although, apart from the charged-lepton sector, the diagonalization is somewhat
complicated due to the two mixing parameters, we obtain similar situation
|1− Uu†L |ij  |1− UuR|ij, |1− Ud†L |ij  |1− UdR|ij. (16)
Again, the deviations of the right-handed mixing matrices from identity are suppressed by
order mq
mQ
.
For the neutrino parts, its Lagrangian contains
Lneutrino ⊃ −MLN˜LN˜R − vΦ√
2
Yνi,N˜RνLiN˜R + h.c. (17)
As explained in the previous section, the second term is related to that of the charged
lepton due to the SU(2). As long as we keep only nonzero YµL˜R , the coupling is given by
YνiN˜R = (VPMNS)i2YµL˜R . For sake of simplicity, we assume that the VPMNS is a unit matrix,
which results in only nonzero YνµN˜R with more direct relationship of YνµN˜R = YµL˜R . As in
the same way of the charged-lepton sector, if we rotate the neutrino fields with
 ν
′
Li
ν ′L4
 = Uν†L
 νLi
N˜L
 , Uν†L =

1 0 0 0
0 cβL 0 sβL
0 0 1 0
0 −sβL 0 cβL

(18)
where
sβL =
vΦYµL˜R/
√
2√
M2L + v
2
ΦY
2
µ,L˜R
/2
' sαL , (19)
the Lagrangian in Eq. (17) becomes
Lneutrino = −
√
M2L + v
2
ΦY
2
µL˜R
/2 ν¯ ′L4N˜R + h.c. (20)
We find that UνL ' U `L due to the approximate SU(2) symmetry, which deviates once the
lepton masses are taken into account.
9FIG. 2. Examples of the left-handed Z ′ couplings induced by mixing between the vector-like and
the SM fermions with mass insertion notation. Here the double line represents the vector-like
fermions.
After diagonalizing the mass matrices, the Z boson couplings to the lepton sector are
LZ ⊃ e
sW cW
Zµ
[
e¯′Lγ
µU `†L (T
3
L + s
2
W )U
`
Le
′
L + e¯
′
Rγ
µU `†R (T
3
R + s
2
W )U
`
Re
′
R
− ν¯ ′LγµUν†L T 3LUνLν ′L + 12 ¯˜NRγµN˜R
]
, (21)
where T 3L and T
3
R are defined as T
3
L = −12diag(1, 1, 1, 1) and T 3R = −12diag(0, 0, 0, 1). It is seen
that the left-handed Z couplings are diagonal, while the flavor-violating Z couplings to the
right-handed charged leptons exist. However, the right-handed mixing angle is tiny, which
results in the small flavor-violating couplings. Similarly, in the quark sectors, while the Z
couplings to the left-handed quarks do not receive any corrections from the field definitions,
the right-handed couplings have the flavor-violating parts but they are suppressed.
The W couplings to the leptons are given by
LW ⊃ e√
2sW
W−µ
[
e¯′Lγ
µU `†L diag(1, 1, 1, 1)U
ν
Lν
′
L + e¯
′
Raγ
µ(U `†R )a4N˜R
]
+ h.c., (22)
Because of the approximate SU(2) symmetry, the left-handed couplings have U `†L diag(1, 1, 1, 1)U
ν
L '
1. The right-handed interactions are also present with a suppression factor U `†R . On the
other hand, the quark sector has a somewhat different situation due to the CKM structure.
The model parameters YdiD˜R , vΦ and mQ, which decide U
u
L,R and U
d
L,R, should be chosen to
realize the measured CKM values. In our analysis, we use moderate values of the model
parameters which satisfy the CKM values within error bars.
One of our main interests is the Z ′ couplings, which are given by
LZ′ ⊃ −g′Z ′µ
[
e¯′Lγ
µU `†L diag(0, 0, 0, 1)U
`
Le
′
L + d¯
′
Lγ
µUd†L diag(0, 0, 0, 1)U
d
Ld
′
L
]
. (23)
10
FIG. 3. Examples of the charged scalar couplings through mixing between the vector-like and the
SM fermions with mass insertion notation. Here the double line represents the vector-like fermions.
These interactions can be described by integrating out the heavy fermions(
U `†L diag(0, 0, 0, 1)U
`
L
)
ij
' v2Φ
2m2L
YliL˜RY
∗
ljL˜R
, (24)(
Ud†L diag(0, 0, 0, 1)U
d
L
)
ij
' v2Φ
2m2Q
YdiL˜RY
∗
djL˜R
. (25)
and this situation is schematically drawn in Fig. 2. If we focus on only relevant Yukawa
couplings YbD˜R , YsD˜R and YµL˜R to the RK anomaly, they yield
LZ′ ⊃− Z ′µ
(
gLsb s¯Lγ
µbL + g
L
µµ µ¯Lγ
µµL + g
L
bs b¯Lγ
µsL + g
L
ss s¯Lγ
µsL + g
L
bb b¯Lγ
µbL
)
, (26)
where
gLdidj = g
′ v
2
Φ
2m2Q
YdiD˜RY
∗
djD˜R
, gLµµ = g
′ v
2
Φ
2m2L
YµL˜RY
∗
µL˜R
, (27)
proportional to the mixing angles, and we omit the prime in the fermion fields. The first
two terms in Eq. (26) lead to the b→ sµµ transition, and the three Yukawa couplings also
produce the Z ′ couplings to the up quark and neutrino sectors, such as t¯tZ ′ and ν¯µνµZ ′, due
to the SU(2) symmetry. Note that the right-handed Z ′ couplings are also present, however,
they are induced by the inert scalar loop and are numerically suppressed. Therefore, our
current study does not take them into account.
The other intriguing interactions are the Yukawa couplings between the inert-Higgs dou-
blet and the SM fermions, in particular, the charged Higgs couplings c¯bH+ and ν¯τH+. Using
mass-insertion method as in the Z ′ coupling, we obtain the Yukawa couplings
LH′ ⊃− (YcRbL c¯RbL + YcLbR c¯LbR)H ′+ − YνµτR ν¯LµτRH ′+ + h.c., (28)
11
with
YcRbL = −
vΦ√
2mQ
y′∗QLcY
∗
bD˜R
, YcLbR =
vΦ√
2mQ
YcD˜Ry
′
QLb
, YνµτR =
vΦ√
2mL
YνµN˜Ry
′
LLτ
. (29)
These interactions are originated from the mixing between the vector-like and SM fermions
as seen in Fig. 3. Their dependences on vΦ/mQ,L are different from those in Eq. (27). The
neutral components in the inert Higgs also induce the Yukawa couplings as in Eq. (28). In
our study, we assume that their masses are degenerate. This assumption produces a simple
situation where some scalar operators disappear due to the degeneracy as mentioned later.
As we will see in the next section, while the explanation of RK anomaly needs nonzero g
L
sb
and gLµµ, the RD anomaly requires nonzero Ycb and Yντ . From the phenomenological point of
view, we consider a minimal setup in which these relevant couplings are exclusively focused
on. Simultaneously, it implies nonzero YbD˜R , YsD˜R , YµL˜R and y
′
QLb
, y′QLc, y
′
LLτ
. From now
on, we denote them as
Yb ≡ YbD˜R , Ys ≡ YsD˜R , Yµ ≡ YµL˜R , (30)
and
y′τ ≡ y′LLτ , y′b ≡ y′QLb, y′c ≡ y′QLc. (31)
We also assume that the Yukawa couplings are real, and a flavor hierarchy |Yb|  |Ys|.
IV. RARE B DECAY ANOMALIES
The relevant effective Hamiltonians to b→ sµ+µ− and b→ cτ−ν¯ are given by [58–60]
Heff(b→ sµ+µ−) = −4GF√
2
VtbV
∗
ts
e2
16pi2
[
C9(s¯γ
µPLb)(µ¯γµµ) + C10(s¯γ
µPLb)(µ¯γµγ5µ)
]
, (32)
Heff(b→ cτ−ν¯) = 4GF√
2
Vcb
[
CSmb(c¯PRb)(τ¯PLν) + C
′
Smb(c¯PLb)(τ¯PLν)
]
. (33)
The Wilson coefficients of C9 and C10 are induced by the Z
′ interactions in Fig. 2. Inte-
grating out the Z ′ boson, the Wilson coefficients are given by
C9 = −C10 = − 1
2m2Z′C
bs
SM
gLsbg
L
µµ = −
v2Φ
8CbsSMm
2
Qm
2
L
YsYbY
2
µ , (34)
12
with CbsSM =
4GF√
2
VtbV
∗
ts
e2
16pi2
. The final expression in Eq. (34) is obtained by using the couplings
defined in Eq. (27). Although mZ′ dependence appears in the middle of the Eq. (34), it is
canceled out by those in gLsb and g
L
µµ. Thus, vΦ is finally left only in the numerator. The
nonzero Yukawa, Yb, Ys and Yµ, lead to Yq = (VCKM)qsYs + (VCKM)qbYb for q = u, c, t and
Yνi = (VPMNS)νiµYµ for i = e, µ, τ .
For the RD anomaly, neglecting the neutrino flavor textures which is irrelevant to our
study, we simply assume that the PMNS matrix is a unit matrix, which results in Yνµ = Yµ.
The Yukawa coupling allows the flavor-violating charged Higgs coupling τ¯PLνµH
−. As
seen in [29], such a new flavor-violating process would also contribute to the RD anomaly.
Therefore, the charged scalar interactions in Fig. 3 produce
C ′S = −
1
CbcSMm
2
H′mb
YcRbLY∗νµτR =
v2Φ
2CbcSMm
2
H′mbmQmL
y′cy
′
τYbYµ, (35)
CS = − 1
CbcSMm
2
H′mb
YcLbRY∗νµτR = −
v2Φ
2CbcSMm
2
H′mbmQmL
y′by
′
τYcYµ, (36)
with CbcSM =
4GF√
2
Vcb. The third terms are written by Eq. (28). It is seen that the model
parameters appearing in C9 and C10 in the Eq. (34) are correlated to C
′
S and CS except mH′
and y′b,c,τ . Therefore, in our model, the RD anomaly is related to the RK anomaly through
the common parameters.
In order to determine the possible sizes of these Wilson coefficients, we use flavio 0.21
[10]:
• C9 and C10
The observables and the corresponding experimental measurements listed in the Ap-
pendix in Ref. [9] are used, and Table IV in the last page summarizes them. We
take into account all known correlations among observables and approximate the un-
certainties as Gaussian. From Eq. (34), our model holds the relation C9 = −C10,
therefore essentially only one Wilson coefficient needs to be fitted. Assuming all the
UV parameters are real, we define the following real parameters in the global fit:
C9,new = C9 · exp(i arg (CbsSM)) = −C10,new = −C10 · exp(i arg(CbsSM)) (37)
The Bayesian method is employed in the global fit with following procedures: we
first obtain the likelihood function with a single argument C9,new from flavio FastFit
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FIG. 4. The likelihood as function of the C9,new from the Bayesian fit. The blue and green lines
on the top of curve represent the 1σ and 2σ regions. The star at the bottom is the best-fit point.
class, and assume a uniform prior probability of C9,new ranges from -3 to 3. We then
use pymultinest [61] to implement a Monte Carlo sampling, and finally obtain the
posterior probability shown in Fig. 4 with corresponding 1σ and 2σ uncertainties,
which is plotted using Superplot [62]. In the figure, the best-fit point is indicated
by a star, and 1σ and 2σ regions are represented by blue and green lines on the top
of curve. The obtained values are in agreement with the current observed branching
ratio for B0,± → K∗0,±µµ, Bs → φµµ, B → Xsµµ and Bs → µµ.
• CS and C ′S
For the RD∗ , measurements in Ref. [16, 18, 63] are used, while those in Ref. [14, 15] are
taken into account for the RD . We use FastFit in flavio to obtain the 2-D global fit for
CS and C
′
S, which is shown in Fig. 5. The four blue regions are 1σ, 2σ and 3σ allowed
regions by fitting with the RD and RD∗ measurements mentioned above. The light and
dark red region are excluded by the current LHC limit BR(B−c → τ−ν¯) < 30% [43], and
recasted LEP limit BR(B−c → τ−ν¯) < 10% [64], respectively. We find that among four
favored regions, only two of them are more preferred after considering the constraints
from the BR(B−c → τ−ν¯) limits.
For later use, we project the two dimensional contour to a 1-dimensional fit by setting
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FIG. 5. The two dimensional contour for CS and C
′
S as a result of the FastFit. The blue regions
corresponds to 1σ, 2σ and 3σ regions in agreement with RD and RD∗ measurements. The red and
light red regions are excluded by the current LHC limit BR(B−c → τ−ν¯) < 30% [43], and recasted
LEP limit BR(B−c → τ−ν¯) < 10% [64], respectively.
CS = 0. The Bayesian fit for C
′
S alone is obtained using the same strategy as in
the fitting of C9,new. For this fit, we choose prior probability as uniformly distribute
between −2 and 0, the fitting results is shown in Fig. 6. As in Fig. 4, the best fit value
is represented by the star at the bottom, and 1σ and 2σ regions are blue and green
lines above curve.
Finally, we summarize the obtained numerical values in Table. II and III, where those of
CS and C
′
S without the constraint from B
−
c → τ−ν¯ transition are listed.
V. EXPERIMENTAL SEARCHES AND CONSTRAINTS
The hidden gauge boson Z ′ encounters direct constraints from collider searches. De-
pending on the Z ′ mass, mZ′ = g′vΦ, there are different limits on the signal rate of the Z ′
production. Here, we discuss the following cases: light Z ′ case (mZ′ < mZ) and heavy Z ′
case (mZ′ > mZ).
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FIG. 6. The likelihood as function of C ′S with CS = 0 based on the Bayesian fit. The star indicates
the best fit value, and the blue and green lines are 1σ and 2σ regions.
• When the Z ′ is lighter than the Z mass, some viable parameter regions exist. Since
the Z ′ has no coupling to the electron, LEP searches cannot provide direct constraint
on the light Z ′. Furthermore, the Tevatron [65, 66] and LHC [67, 68] searches for
Z ′ to dilepton final state only apply to the case of mZ′ > 100 GeV. The relevant
limit to the light Z ′ case comes from the LHC searches at pp → Z → 4µ. Its typical
SM process is through the off-shell Z mediated 2µ decay, while the light Z ′ could be
on-shell when mZ′ < mZ − 2mµ. A detailed analysis on how to recast the current
LHC search limit has been done in Ref. [53]. Mapping their analyses to our model,
we obtain the constraint shown in Fig. 7. In the figure, the orange line indicates the
g′ coupling as a function of mZ′ with vΦ = 700 GeV. The excluded region corresponds
to the blue region. For vΦ = 700 GeV, we find that the region of mZ′ . 10 GeV and
50 GeV . mZ′ still have some spaces for 10−3 < g′ < 0.14. However, one should note
that for mZ′ . 10 GeV, we are not able to integrate out the Z ′ particle when deriving
the Wilson coefficients C9 and C10 in Eq.34.
• In the case of the heavy Z ′, the LHC searches in the di-muon final states put the
tightest constraints on its mass. The current limit on mZ′ is around 3 ∼ 4 TeV
[67, 68]. In order to apply this limit to our case, we should first take into account the
suppressed coupling to the first generation quarks by the small mixing with vector-like
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C9 = −C10 CS C ′S
1σ [−0.742, − 0.643] [−0.344, 0.074] [−0.821, − 0.461]
[0.180, 0.517] [−0.444, − 0.068]
[−1.045, − 0.627] [0.755, 1.109]
[−1.498, − 1.153] [0.351, 0.734]
2σ [−0.767, − 0.618] [−0.389, 0.128] [−0.863, − 0.430]
[−0.123, 0.547] [−0.482, 0.100]
[−0.605, − 0.083] [0.712, 1.162]
[−1.022, − 0.497] [0.182, 0.770]
3σ − [−0.087, 0.684] [-0.919, -0.234]
[0.462, 1.078] [-0.529, 0.175]
[−0.672, 0.110] [0.520, 1.234]
[−1.045, − 0.431] [0.113, 0.828]
TABLE II. Suitable sizes of the Wilson coefficients C9, C10 and CS , C
′
S for the RK and RD anoma-
lies. Here, the restrictions from Br(B−c → τ−ν¯) are not taken into account.
C9,new = −C10,new C ′S with CS = 0
1σ [0.515, − 0.72] [−0.788, − 0.717]
2σ [0.433, 0.843] [−0.824, − 0.682]
TABLE III. Desired values of C9,new defined in Eq. (37) and C
′
S on the line of CS = 0.
fermions, which results in small production cross section. Moreover, although the LHC
searches assume that the decay branching ratio to the muon or electron lepton is 100%,
our Z ′ can also decay into the SM quarks, and other light U(1)H charged particles.
Therefore, the branching ratio could be much smaller than the assumed value. We
estimate pp→ Z ′ production cross section with Madgraph [69], and demonstrate the
constraint on σ(pp → Z ′ → µµ) in Fig. 8 with benchmark values: vΦ = 700 GeV,
Yb = −1 and Ys = 0.0184. In addition to the muons, another decay processes of
the bottom, top, neutrino, charged scalar, scalar (s,H) and pseudo-scalar (A) are
also present. A naive estimation implies that the Z ′ decay branching ratio to the
muons is roughly 1/10.5. The cross section times branching ratio is shown in the red
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FIG. 7. Constraint on low mass Z ′ from Z → 4µ search at LHC. The blue region is excluded by
the current LHC searches. The orange line represents our benchmark model with vΦ = 700 GeV.
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FIG. 8. Constraint on Z ′ with vΦ = 700 GeV, Yb = −1 and Ys = 0.0184. The blue line is the
95% C.L exclusion limit by ATLAS experiments [67]. The red and green curves correspond to
the branching ratio of BR(Z ′ → µµ) = 1/10.5 and BR(Z ′ → µµ) = 1/20 (including new hidden
particles), respectively.
curve. According to the figure, the Z ′ mass can be as low as 1.5 TeV. Furthermore,
the branching ratio can be reduced if additional decay channels come from unknown
hidden gauge sector particles, which are irrelevant to our flavor study. However, if we
allow opening additional decay channels, the constraint could be significantly relaxed.
For example, taking the branching ratio to be BR(Z ′ → µµ) = 1/20, which is shown
in the green curve, the Z ′ mass can be lower than 750 GeV.
Next, we briefly comment on the constraints on the mediators. In [70], the vector-like
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FIG. 9. The normalized likelihood as function of the CLLV coefficient using the Bayesian fit.
quark search is discussed with its decay into Wb, and the current limit is mQ > 1.1 TeV.
On the other hand, studies about the multi-lepton final state [71] show that the limit on
the vector-like lepton is mL > 500 GeV. In our numerical analysis, we take the benchmark
point mQ = mL = 1.4 TeV, which is consistent with these limits. Regarding the inert-Higgs
doublet, the charged scalar receives the tightest bounds. The LHC searches for H± are all
associated with the top quark production through tbH± coupling. Therefore, we can evade
any constraints from the LHC by setting y′t = y
′
b = 0 such that the tbH
± coupling vanishes,
and it follows that CS = 0. Actually, we investigate the scenario that y
′
t and y
′
b are nonzero
and calculate the production cross section for the process pp→ t¯bH+ with Madgraph for a
benchmark point: y′t = y
′
b = 1, mQ = 1.4 TeV, vΦ = 700 GeV, Yb = −1 and Ys = 0.0184. It
is found that mH± > 300 GeV is consistent with the ATLAS experiments [72, 73] provided
that BR(H+ → τν) < 80%. Again, if taking into account the H ′± decay channel, H ′+ → tb¯,
H+ → cb¯, H ′+ → cs¯ and H ′+ → τν, we find that the requirement BR(H+ → τν) < 80% is
easily satisfied.
In the following, we consider various constraints from flavor physics and low energy
observables:
• Bs − B¯s mixing
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The s¯bZ ′ coupling induces a relevant operator to the Bs − B¯s mixing
Heff = −CLLV (s¯LγµbL)(s¯LγµbL) (38)
with CLLV = −
(
gLsb
)2
/m2Z′ . We calculate the allowed region of this operator using the
measurements of ∆Ms for Bs − B¯s mixing in Ref. [74]. In our analysis, the Bayesian
fit is also employed. The likelihood function is approximated by Gaussian probability
distribution function with mean as difference of the theoretical prediction and exper-
imental central value, and the variance as the the quadratic sum of the theoretical
uncertainty and the experimental uncertainty. The prior probability distribution is
taken as uniform distribution between −3 × 10−10 to 3 × 10−10. The fitting results
are shown in Fig. 9, and it is found that |CLLV | < 1.29 × 10−11 at 1 σ. Note that, al-
though scalar operators OLLS and ORRS listed in [75] are caused by neutral and CP-odd
scalars in the inert-Higgs doublets, they vanish as long as the two scalar masses are
degenerate. Also, we do not consider an operator OLRS since its Wilson coefficient is
proportional to y′s that is irrelevant to our current study.
• Neutrino trident production
Neutrino trident production gives an upper limit on gLµµ/mZ′ = vΦY
2
µLR
/2m2L. Its cross
section is given by [53, 76, 77]
σSM+NP
σSM
=
1
1 + (1 + 4s2W )
2
1 + v2
(
gLµµ
mZ′
)2
2
+
1 + 4s2W + v2
(
gLµµ
m2Z′
)2
2 .
(39)
The experimental measurement [78] shows σexp/σSM = 0.82± 0.28. For mL = 1.4 TeV
and vΦ = 700 GeV, the 1σ region gives an upper bound on the Yukawa coupling
|YµLR | . 2.1.
• B → Kνν¯
In the same way as b → sµµ process, b → sνν¯ transition is also induced as shown in
Fig. 10. The effective Hamiltonian is [29]
Heff(b→ sνiν¯j) = −αGF√
2pi
VtbV
∗
tsC
ij
L (c¯γ
µPLb)(ν¯iγµ(1− γ5)νj). (40)
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FIG. 10. The b→ sνν transition induced by the Z ′ exchanges. Here the double line represents the
vector-like fermions.
FIG. 11. b→ sγ process through the charged scalar loop. The double lines represent the vector-like
fermions U˜ or D˜. The left diagram is proportional to y′by
′
c, while the right diagram contains y
′
cy
′
s.
Our current setup produces only the 2nd generation neutrino at final states, therefore
the Wilson coefficient is described by
C22L = −
1√
2m2Z′
pi
αGFVtsV ∗ts
gLsbg
L
νµνµ , (41)
with gLνµνµ = g
L
µµ. Following the bound on the Wilson coefficient obtained in [29], we
find that −13Re[C22L ] + |C22L |2 ≤ 473.
• b→ sγ
The Yukawa couplings in Eq. (28) contribute to b→ sγ process through the charged
scalar loop. In Fig. 11, two possible diagrams are drawn. It is seen that while the left
diagram contains the product y′by
′
c related to CS and C
′
S, the diagram on the right is
proportional to y′cy
′
s. Therefore, we include only the left diagram which contains two
relevant parameters to b→ c transition. The effective operators are given by [79]
Heff = −4GF√
2
VtbV
∗
ts
(
C7O7 + C8O8
)
(42)
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with
O7 = e
16pi2
mbs¯Lσ
µνbRFµν (43)
O8 = e
16pi2
mbs¯LT
aσµνbRG
A
µν , (44)
The Wilson coefficients in our model are
C7 =
v2
VtbV ∗ts
YcLbRY∗cRsL
(
C07,XY (xc)
mbmc
+
C07,Y Y (xc)
m2c
)
, (45)
C8 =
v2
VtbV ∗ts
YcLbRY∗cRsL
(
C08,XY (xc)
mbmc
+
C08,Y Y (xc)
m2c
)
, (46)
where xc = m
2
c/m
2
H′ and the loop functions C
0
7,8 are listed in [79]. The Wilson co-
efficients C7 and C8 are proportional to a product of YsYcy
′
by
′
c. While Ys and Yc are
predicted by the explanation of the RK anomaly, y
′
b and y
′
c are related to C
′
S and
CS in Eqs. (35) and (36). According to a global fit of the Wilson coefficients in the
b→ s transition in [3], contributions from new physics to C7(µb = 5 GeV) are allowed
between −0.04 ≤ C7(µb) ≤ 0.0. Taking that the charged scalar mass is 300 GeV,
we find that the loop functions are roughly O(10−5 ∼ 10−6). In addition, the Wilson
coefficients receive suppression proportional to YsYc ∼ 10−4. Later, we will check this
constraint numerically. It should be noted that, as in the Bs − B¯s mixing, the neu-
tral scalars do not contribute to the process due to cancellations between H ′ and A′
contributions for the degenerate mass spectra in the inert Higgs.
In addition to the above constraints, lepton-flavor-violating processes, such as τ → 3µ and
τ → µγ can also be induced. However, these processes also need irrelevant parameters to
the B anomalies, we do not deal with them here.
Finally, we briefly discuss the hidden particles which are only charged under the U(1)H
group. Although these hidden particles are not relevant to the B physics observables, it
provides additional signatures. We assume that there is a WIMP dark matter candidate in
the hidden sector, and the dark matter particle χ should annihilate into SM particles during
freeze-out at early universe. In the non-relativistic approximation, the annihilation cross
section times relative velocity 〈σv〉 can be decomposed as
〈σv〉 = a+ bv2 +O(v4), (47)
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where a and b are the s-wave and p-wave cross sections. We only take the dominant
contributions into account. When mχ < mZ′ , the dominant annihilation channel is through
the s-channel process χ¯χ→ ff¯ , where f = µ, νµ, b, t:
〈σv〉s−channel(χ¯χ→ ff¯) =
g′2g2Z′ff
2pi
2m2χ +m
2
f
4m2χ −m2Z′
√
1− m
2
f
m2χ
, (48)
where gZ′ff denotes the Z
′ coupling to the fermion f . When mχ > mZ′ , additional t-channel
χ¯χ→ Z ′Z ′ → ff¯f f¯ appears. The annihilation cross section is
〈σv〉t−channel(χ¯χ→ Z ′Z ′) = g
′4
4pi
m2χ
(2m2χ −m2Z′)2
(
1− m
2
Z′
m2χ
)3/2
. (49)
The thermal relic density is written as
ΩDMh
2 =
mχnχ
ρcrit/h2
=
s0h
2√
pi
45
ρcrit
1
Mpl
√
geffI(xf ) , (50)
where s0 is the entropy density of the present universe, ρcrit the critical density, nχ the dark
matter number, h the hubble parameter, geff the effective degree of freedom during freeze-
out, and I(xf ) = a+3b/xfxf , with xf = mχ/Tf and Tf the temperature during freeze-out.
There are also constraints from the direct detection measurements. However, we expect the
limit is not so tight for the light Z ′, because the size of the gauge coupling g′ is typically
smaller than 0.1. Furthermore, in our model the dark matter only dominantly couples to
the third generation quarks inside nucleons. This kinds of scenarios have been studied in
Ref. [80]. From their study, we find that for the light Z ′, if g′ ∼ 0.05, the direct detection
constraints could be escaped. We will perform detailed study on the dark matter sector in
future.
VI. RESULTS
We first consider the effective operators for theRK anomaly in terms ofXq ≡ vΦYq/
√
2mQ (q =
b, s) and Xµ ≡ vΦYµ/
√
2mL. With these expressions, the Eq. (37) is described by
C9,new(= −C10,new) = − 1
2v2Φ|CbsSM|
XbXsX
2
µ. (51)
This expression consists of only relevant model parameters through the combinations of Xq
and Xµ that are related to the mixing angles in the quark and lepton sectors. It should be
noted that the value of C9,new in Table. III is positive, therefore either Xb or Xs should be
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FIG. 12. [Left] 1σ and 2σ regions of C9,new(= −C10,new) are drawn with black solid and dashed
lines, respectively. vΦ is fixed at 700 GeV. The best fitted value for the RK anomaly is indicated
by the green line, and the red line represents −XbXs = 2.3 × 10−3. The blue region is excluded
by the Bs − B¯s mixing. [Right] The size of C9,new as a function of Yµ with the fixed value
−XbXs = 2.3× 10−3. We take mQ = mL = 1.4 TeV.
negative to compensate for the minus sign in the above expression. The left plot in Fig. 12
shows 1σ and 2σ regions with black solid and dashed lines in (−XbXs, X2µ) plane with the
fixed value of vΦ = 700 GeV. The best fitted value is drawn by a green line, and the blue
region is excluded by Bs − B¯s mixing. We also consider the constraint from the B → Kνν
process, however, the present parameter region can evade the restriction. It is seen that
XbXs is tightly constrained by the Bs − B¯s mixing and the allowed size is roughly O(10−3)
at most. And, it follows that a somewhat large value of X2µ ∼ O(0.1) is necessary to achieve
the required Wilson coefficients for the RK . Such a large value can be obtained by taking
a large Yµ or a small mL. Here, we fix the mass mL at 1.4 TeV and see how large Yukawa
coupling, Yµ, is needed at one benchmark region of −XbXs = 2.3 × 10−3. The region is
indicated by a red line in the left panel in Fig. 12, and the benchmark value results in
YbYs = −0.0184 if mQ = mL. Since our assumption is |Yb|  |Ys|, we simply take Yb = −1
and Ys = 0.0184. In the right plot of Fig. 12, the size of C9,new is shown as a function of Yµ.
Here, instead of the mass-insertion method, we use gLsb and g
L
µµ obtained after diagonalization
of the mass matrices. All lines in the right figure correspond to those in the left one. The 2σ
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FIG. 13. The B decay branching ratios dBR(B0 → K0µ+µ−)/dq2 (upper left), dBR(B0 →
K∗0µ+µ−)/dq2 (upper right), dBR(B± → K±µ+µ−)/dq2 (lower left), dBR(B+ → K∗+µ+µ−)/dq2
(lower right) for different energy bins. The experimental data are expressed by dots with uncer-
tainties. The purple and green bands represent the theoretical predictions of the SM and our model
with the best fitted C9, respectively. The theoretical uncertainties are calculated by varying the
input parameters with the Gaussian uncertainties.
region requires 1.2 ≤ Yµ ≤ 1.9, and the best fitted value stays around Yµ ∼ 1.5. The values
of Yb = −1, Ys = 0.0184 and Yµ = 1.5 yield gLsb/g′ = −2.17× 10−3 and gLµµ/g′ = 0.22, which
leads to C9,new = 0.6. The current size of g
L
µµ/mZ′ gives the cross section of the neutrino
trident production in Eq. (39), σSM+NP/σSM = 1.0, which is within the 1σ error. Later,
we also use these Yukawa couplings as the benchmark values for the discussion of the RD
anomaly.
Figure 13 shows the experimental data and theoretical predictions on the B decay branch-
ing ratios in different energy bins for dBR(B0 → K0µ+µ−)/dq2 (upper left), dBR(B0 →
K∗0µ+µ−)/dq2 (upper right), dBR(B± → K±µ+µ−)/dq2 (lower left), dBR(B+ → K∗+µ+µ−)/dq2
(lower right). The experimental results obtained by CDF [81], LHCb [82], CMS [83, 84] are
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FIG. 14. 1σ and 2σ regions of C ′S with black solid and dashed lines, respectively. It is taken that
mH′ = 300 GeV, and the benchmark parameters for the RK anomaly: vΦ = 700 GeV, mQ = mL =
1.4 TeV, Yb = −1, Ys = 0.018 and Yµ = 1.5.
plotted. The purple bands correspond to the SM predictions with uncertainties obtained by
varying the input parameters with the Gaussian distribution. The green bands represent the
best fitted value of C9,new, which is indicated by the green line in Fig. 12, with the uncertain-
ties obtained by the same way as the purple bands. The width of the purple and green bands
are not the same, and their ratios are roughly proportional to |CbsSM/(CbsSM +Ci)|2 (i = 9, 10).
It is seen that our model provides a better fit on the data than the SM.
Finally, we discuss the possibility of explaining the RD anomaly using the parameter
space which could explain the RK anomaly. Once Yb and Ys are fixed, Yc is also given due
to the SU(2) symmetry. Using the benchmark values, Yb = −1, Ys = 0.018, we find that
Yc = −0.02 where the Yb part dominantly gives a contribution to Yc since (VCKM)cbYb > Ys.
As seen in Fig. 5, positive C ′S is disfavored by the upper limit on the B
−
c → τ−ν¯ process,
and the absolute values of CS and C
′
S should be O(0.1). In the current setup, the negative
C ′S can be realized by Yb = −1. However, a naive estimation implies that C ′S  CS since
CS is proportional to Yc which is two orders of magnitude smaller than Yb. Therefore, we
exclusively focus on a specific situation with C ′S 6= 0 but CS = 0 as listed in Table III.
Figure 14 shows the 1σ and 2σ regions of C ′S in (y
′
c, y
′
τ ) plane. Some of the model
parameters are correlated with the RK anomaly, and they are fixed at Yb = −1, Ys =
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0.018, Yµ = 1.5, vφ = 700 GeV and mQ = mL = 1.4 TeV. The charged scalar mass is taken
as 300 GeV. As we can expect from the required value of C ′S, it is found that the large
Yukawa couplings y′c and y
′
τ are needed for the explanation of the RD anomaly. As long as
we focus on only C ′S, the size of y
′
b is not predicted. Therefore, our current setup does not
affect b→ sγ process. However, it is found that, even if we take y′c = 2 and y′b = 1, C7(µb)
roughly becomes 1.6× 10−3 which is consistent with the current observed value.
VII. CONCLUSION
We have studied a hidden gauged U(1)H extension of the SM including vector-like fermion
(and scalar) mediators and investigated possibilities of explanations for the existing RK (and
RD) anomalies in B physics. The vector-like fermions have the same SM charges as the SM
doublet fermions, and they mix with the left-handed SM fermions. The new scalar is an
inert doublet, which possesses the Yukawa interaction between the left-handed vector-like
fermions and the right-handed SM fermions. While the vector-like fermions play a role in
inducing b → sµµ transition through the Z ′ exchange, the inert doublet yields significant
charged scalar couplings for b→ cτν transition.
In order to determine desired sizes of the Wilson coefficients, we utilized the flavio package
and performed a global Bayesian fit including several observables, B0,± → K∗0,±µµ,Bs →
φµµ,Bs → Xsµµ and Bs → µµ. At the same time, we also considered various flavor
constraints, Bs − B¯s mixing, B → Kνν¯, neutrino trident productions, b → sγ, and B−c →
τ−ν¯. It is found that the absolute values of C9(= −C10), C ′S and CS are required to be
O(0.5) roughly. Also, it turned out that the positive values of C ′S are almost excluded by
B−c → τ−ν¯ if we impose its severe limit on the branching ratio, BR(B−c → τ−ν¯) < 10%.
The required sizes of C9 and C10 can be achieved by somewhat large Yµ, which describes
the mixing parameter between the vector-like and SM leptons, since those in the quark
sector Yb and Ys are highly constrained by the Bs − B¯s mixing. Our benchmark point with
mQ = mL = 1.4 TeV, vΦ = 700 GeV and YbYs = −0.018 needs Yµ ∼ 1.5 for the successful
scenario of the RK anomaly. This benchmark leads to a consistent situation in which CS is
suppressed due to tiny Yc and negative C
′
S is obtained by taking Yb < 0. The possible region
of C ′S requires O(1) couplings of y
′
c and y
′
τ .
Since this model contains new particles, there are promising collider and astrophysical
27
signatures. Current LHC searches on pp → µµ¯ and pp → 4µ put strong constraints on the
Z ′ masses, although the light region of MZ′ < 100 GeV is still allowed. Furthermore, since
the U(1) gauge symmetry is hidden, it is likely that other hidden particles also exist, such
as dark matter candidate, in the hidden sector. Although the hidden sector particles do not
contribute to the B physics observables, they are able to contribute to the dark matter relic
density and possible indirect detections, and would relax the constraints on the heavy Z ′.
On the other hand, the charged Higgs is not tightly constrained due to its Yukawa texture.
We anticipate that the future collider searches will explore larger mass regions for the Z ′
and charged Higgs, and these collider signatures and potential dark matter signatures could
be able to validate this model.
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Branching ratios
Observable [q2min, q
2
max] [GeV
2] Experiments
d
dq2
BR(B → Xsµµ) [1, 6],[14.2, 25] BaBar [85]
d
dq2
BR(B+ → K∗+µµ) [0.0, 2.0], [2.0, 4.3] CDF [81]
[2,4], [4,6], [15,19] LHCb [86]
d
dq2
BR(B± → K±µµ) [0.0, 2.0], [2.0, 4.3] CDF [81]
[1.1, 2], [2, 3], [3, 4], [4, 5], [15,22] LHCb [86]
d
dq2
BR(B0 → K∗0µµ)
[0.0, 2.0], [2.0, 4.3] CDF [81]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [82]
[1, 2], [2, 4.3] CMS [83, 84]
d
dq2
BR(B0 → K0µµ) [0.0, 2.0], [2.0, 4.3] CDF [81]
[2.5, 4], [4, 6], [15,22] LHCb [86]
d
dq2
BR(Bs → φµµ)
[1, 6] CDF [81]
[1, 6], [15, 19] LHCb [87]
RK∗ [0.045, 1.1], [1.1, 6.0] LHCb [1]
RK [1.0, 6.0] LHCb [12]
BR(Bs → µµ), BR(B0 → µµ) —– LHCb[88]
Angular Observables
〈AFB〉(B0 → K∗0µµ)
[0.0, 2.0], [2.0, 4.3] CDF [81]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [89]
[1, 2], [2, 4.3], [4.3, 6] CMS [83, 84, 90]
〈FL〉(B0 → K∗0µµ)
[0.0, 2.0], [2.0, 4.3] CDF [81]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [89]
[1, 2], [2, 4.3], [4.3, 6] CMS [83, 84, 90]
[0.04, 2.0], [2.0, 4.0], [4.0, 6.0] ATLAS [91]
〈S3〉(B0 → K∗0µµ)
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [89]
[1, 2], [2, 4.3], [4.3, 6] CMS [83, 84, 90]
〈S4〉(B0 → K∗0µµ)
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [89]
[1, 2], [2, 4.3], [4.3, 6] CMS [83, 84, 90]
〈S5〉(B0 → K∗0µµ)
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [89]
[1, 2], [2, 4.3], [4.3, 6] CMS [83, 84, 90]
〈P1〉(B0 → K∗0µµ)
[0.04, 2.0], [2.0, 4.0], [4.0, 6.0] ATLAS [91]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [89]
[1, 2], [2, 4.3], [4.3, 6] CMS [83, 84, 90]
〈P ′4〉(B0 → K∗0µµ)
[0.04, 2.0], [2.0, 4.0], [4.0, 6.0] ATLAS [91]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [89]
〈P ′5〉(B0 → K∗0µµ)
[0.04, 2.0], [2.0, 4.0], [4.0, 6.0] ATLAS [91]
[1.1, 2.5], [2.5, 4], [4, 6], [15, 19] LHCb [89]
[1, 2], [2, 4.3], [4.3, 6] CMS [83, 84, 90]
〈FL〉(B0 → K∗0µµ)
〈S3〉(B0 → K∗0µµ) [2, 5], [15, 19] LHCb [89]
〈S4〉(B0 → K∗0µµ)
TABLE IV. List of observable used in global fit of RK(∗) anomaly.
